Phytochrome was examined by immunochemical and spectroscopic techniques to detect differences between the protein moieties of red-and far red-absorbing phytochrome (Pr and Pf,). No differences in the reaction of P7 and Pf, with phytochrome antibody were discernible on Ouchterlony double diffusion plates. However, the microcomplement fixation assay showed a greater degree of antibody reaction with Pf, than with P,, indicating some difference in the surface characteristics of the two forms. Circular dichroism spectroscopy between 300 and 200 nanometers revealed differences between Pr and Pf, which may reflect differences in the protein conformation. The circular dichroism spectrum of P7 showed a negative band at 285 nanometers which was not present in the spectrum of Pfp , and the large negative circular dichroism band at 222 nanometers with Pf, , associated with the a-helical content, was shifted 2 nanometers to shorter wave length with P, although there was no change of magnitude of this band.
The growth and development patterns of many plants can be controlled by brief irradiation periods of red and far red light (7) . This control is mediated through a chromoprotein, phytochrome, which changes reversibly between a red-absorbing form, P', and a far red-absorbing form, Pj, in response to red and far red light. The chromoprotein with the reversible photochromic behavior has been isolated and purified from darkgrown seedling plants (5, 11, 14, 16, 17) . On the basis of different sensitivities of Pr and Pf, to protein denaturants, it was suggested that the chromophore change was accompanied by a change of protein conformation (4) . Such a conformational change could alter the properties or activities of the chromoprotein and thus be the basis by which light activates or inactivates phytochromecontrolled processes. Attempts to show conformational changes by differences in the hydrodynamic properties of the two forms of phytochrome were negative (2) . In the present paper we have sought additional evidence from immunochemical techniques, circular dichroism spectroscopy, and absorption spectroscopy to indicate structural differences between the two forms of phytochrome.
MATERIAIS AND METHODS
All chemicals used were reagent grade. Molecular sieve gels were sized and washed extensively before use. Brushite was made up in a modification of the procedure of Levin (11) PROTEIN CHANGES IN PHYTOCHROME in absorbance of left and right circularly polarized light, b the pathlength (cm), c the concentration of protein (mg/ml), and mrw the mean residue weight, taken to be 114 g/mole. The calculation of a-helical content assumes a [0]222 = +400 deg* cm2/decimole for the random coil and -38,000 deg-cm2/decimole for the 100%7, a-helical polypeptide (8) .
A RESULTS AND DISCUSSION The precipitin lines observed on double diffusion agar plates with phytochrome (Pr) at purity indexes ranging from 40 to 0.92 showed single confluent lines without spurs (Fig. la) indicating that the antibody was directed solely against the phytochrome in these preparations. The use of phytochrome of low purity suggests that phytochrome from different sources could be compared immunologically without extensive purification.
In an attempt to demonstrate differences between the two forms of phytochrome, Pr and Pfr were allowed to diffuse toward antisera taken from two different rabbits (Fig. lb) . The single confluent lines without spurs indicate that no differences between Pr and Pfr were detectable by this technique and that there was no class of antibodies directed solely against Pr or Pfr. The cross-reactions showed that the antibody will precipitate both Pr and Pfr. Since no differences were apparent in the Ouchterlony plates, the antigen-antibody reactions were examined by the more quantitative and more sensitive microcomplement fixation assay procedure.
In typical microcomplement fixation assays ( Fig. 2) [e]
FIG. 3. Circular dichroism spectra and absorption spectra of phytochrome. The phytochrome (1.4 mg/ml, purity index 1.0) was in 0.010 M phosphate buffer, pH 7.8. A 1-cm jacketed cell at 14 C was used for the CD spectra in the visible and near-ultraviolet regions. A 0.1-cm jacketed cell with the phytochrome diluted one-half was used for the measurement of the CD spectra below 300 nm. The values of the measured (AL -AR) spectra are given in the left-hand scale; on the right these values are converted into decimolar ellipticities (see "Materials and Methods"). The absorption spectra were measured in 1-cm cuvettes in the Cary-14 recording spectrophotometer at about 23 C.
that there were no antibodies directed solely against determinants unique to either Pfr or Pr . We conclude that Pfr and Pr possess common determinants. The greater reactivity of Pfr in the complement fixation assay can be attributed to a greater binding constant for the Pfr-antibody complex, perhaps resulting from a spatial change of the determinants. Apparently, the surface characteristics were altered by the transformation of Pr to Pfr so that a stronger antibody reaction resulted.
The absorption spectra and CD spectra of Pr and Pfr from 800 to 200 nm are shown in Figure 3 . The CD spectra from 800 to 300 nm are due to optical activity associated with the chromophore absorption bands of Pr and Pfr . (8) , the a-helix content of Pr and Pfr were calculated to be about 27%.
The absorption difference spectrum between Pr and Pfr (Fig.  4) shows considerable detail in the absorption band region of the aromatic amino acids. Maxima at 280, 287, and 297 nm with minima at 283 and 293 nm suggest different environmental influences on some of the aromatic amino acids in Pr and Pfr . We cannot distinguish spectral changes due to the protein from those of the chromophore. The minimum at 320 nm is undoubtedly due to the chromophore since protein has relatively little absorption at wave lengths greater than 300 nm. The absorption in the 280 nm absorption band, however, is primarily due to the protein, and similar difference spectra with up to three maxima have been observed in solvent perturbation difference spectra of proteins and model mixtures of amino acids (1, 6 
